W Kiow
unpaucq CICClrons :
OIMM-,’cd..Clwhpns. slro N the valen
of the elemen, 2TONgEr is the
InCreases upto Cr

e-shell of the element. In general, greater in the number

ft

(in 1st series), M

. SO j
unpared - electrops, lhencnr]:fi; g
unpaired electrons, | % o
points are 5o low
room lemperature, od electrons

o~ respecti

:fl';ar?.\ld)ough Mn, Tc and Re also have the maximum of s o
elements have lower values of their melting points than Cr, Mohmam:mws ey o
valves are due to the fact that the metallic bonding in these e o ey st

6. lonisation energies

O (in 2nd series) and W (in 3rd series), the melting points
these elements and then with decrease in the number of
Nts also decrease. Since Zn, Cd and Hg donot have any

that these elements can be volaslised off easily. In fact, Hg is a liquid at

The Value_s of first ionisation energy (in kl/mole) of 1st, 2od and 3rd transition series
clemeats are given in Table 6.6. From this table the following points may be noed:

(1) The values of ionisation energy increase as we move from left to right in each senes,
alibough the increase is not quite regular, i.e., the increase in ionisation epergies is quite gradual
or sbow. The reason for the gradual increase is given bejow.

Explanation. We know thal when we move from left to right in a given series, the nuclear
cheree increases. The increased nuclear charge would attract the ns electron cloud with greater
force and hence the ionisation energies are expecled to increase at each slep. However, as the
electron 1s added o (n — 1)d sub-shell at each next element, the ns? clectrons arc shiclded more
and more. The effect of increasing nuclear charge is opposed by the additional screening effect
of the nucleus and consequently, the jonisation energies increase but quite slowly along a given
series. '

Table 6.6. lonisation energies (kJ mot™!) of d-block elements

These values have been taken from Table 2.2A, page 40-42, “Inorganic Chemistry: Principles
of Structure and Reactivity” (2nd edition) by James E. Huheey.

As we move along . ciallic bonding and hence greater is the melting point.
NB 2 particular series, since the number of unpaired electrons !

Groups ——> | [IB we | vB | vis |viB| «——vi— | B | us
(3) @166 miE& O q0))an|a
' | i "
L imar Mo sares L X Tip | Vi | Crpa [ Mnys | Fen | Con | Nig | Cus | Zny,
|3k perod) — 631 658 | 650 |652.8[717.417594) 758 [736.6|74551906 4
7_}1d or 4 .SCﬂCS Y]9 ZHQ Nb” PﬂOu TC” RU“ Rhu Pd“ Ag_n Cdu
(Sth penad) —> 616 660 | 664 | 685 | 702 | 711 | 720 | 805 | 731 |867.7
3d or 5d senes Las; | (Cese—Luy) | Hlp | Tagy | Wyi [ Reys | Osx | Iy | Py | Aupy | Hgg
(6ck period) —> 538.1 654 | 761 | 770 | 760 | 840 | 880 | 870 | 890.1{ 1007

5.,/ »>{if) When we proceed from top to bottom in group LI B, ionisation energy values decrease

?(//,)&S Scay > Y > Las:. However, in most of the remaining groups the jonisation energies increase
in the same direction, Le., the ionisation energies of the elements hyiag after Lag; in 3rd series
are greater than those of their corresponding elements lying in 1st and 2nd series.

Explanation. In the atoms of 14 elements following Las; (Cegg to Lug,), 4f orbitals are
completely filled and hence cannot shield the nucleus effectively. Due to ineffective (ie., poor)
shielding of the nucleus by the 4[clcc(rons, the elements lying after Lag; in 3rd seres have
greater effective nuclear charge acting on the ns? elcwrons. Therefore, the ionisation cnergies of
the elements following Lag; in 3rd series are higher than those of their corresponding elements

Iving in Ist and er(_i_irifi —
= & d

& -
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y (i) In eacy, o
bt or their 10D ation
I, /o (’1 - l)d

crics the clements of group 11 B (Zn, Cd and Hg) have the highest y
energy, This is due 10 the extra smbill(jly .;Lssocmlod with lhl%ll’ c?m
and ns orbitals (Znyy = 3d" 457, Cdyy = 44 55" and Hggy = 547 65°). _
(V) When we compare these values of d-block elements with those of s-and p-block elemens,
Y ind that thege values are higher than those of s-block elements but Jower than_thgse of
l)-blqck elements, J s also seen that in any particular scries. the difference in jonisation energies
etWeen any two successive d-block elements is much less as compared 10 the difference in
€ase of successive s-block or p-block elements.

Re.lati(m between the ionisation energy and stability of a metal in a given

! oxidation staqe '

. \an') the help of jonisation cnergy values we can predic
Blven oxidation siate js thermodynamically more stable.

relative stability of Nj (IN—P(11) and NUIV)—P(TV) pairs. When a metal, M(0) is convened
o, M), energy required for this conversion js equal 10 the sum of 1st (1;) and 2nd (1)

lonis.alion. energies of the meta), Similarly when 3 metal, M(0) is converted into MIV
fequired is equal 19 1he sum of 1y, 1,, 1, and 1, of the metal. Thys -

N {~’4
alucs % N
pletely-fijeq

-

t which of the two metals in a
As an example let us compare the

Rl A VG o

). energy

. -2 . :
! Ni(0) —— Ni ), Energy required = 1, 1 1, = 249 » 10 mol™* ¢ ,tq,f\g,z\
; -2 )
PO —— P (I, Evargy roguired = Lo+ 1o= 266 x 100 13 .mr’um;f’mgj(
. ~Ae” . ) .
Ni(0) —— Nj (IV), Encrgy required = |, + L+ i+ 1, = 1129 x 10° Ky mol™!
-4¢”
Py — p (IV), Energy required = J; - |, 4 b+ 1y =936 x 10° KJ mol”!
The above values show that since () + 1,) for Ni(I1) is Jess than (I, + 1) for Pull), Ni(1n)
compounds are more stable than Pi(ll) compounds. Similarly since the value of (I + 1, + 1y +
14) for P (IV) is less than that for Ni(Iv), piav) compounds are more stable than Ni(Iv)
compounds. This fact becomes evident when we find thap KAAPIClg) is a well known compound
of PUIV) but the corresponding compound of Nj (V) (e, K,NiCl) does not exist al al).
3 7. Standard reduction potential values

These values (

in volis) for the elements of Jo UZNSILOD series are

aven below-
Elemers A C ¢ Ma 0 g Co i Ni @ (g v
o [ T 7
E? | (vols) - LIE - 09 | SME L -0 028 | _gas |, gy
re

These values are for the reduction reaction, M lag) +

e —= M(s).

It may be seen that these values, except for Cu. are negative and there is no regular trend
in these values, since the jonisalion energies (1, + 15} and sublimation encermes of these metals
donet show any regular trend. These values bave been used 10 explain the reducing property
and reactivity of these metals,

8. Variable oxidation states

With the exception of a few elements. most of the -block elements show more than one
oxidation state (i.e., variable or several oxidation siate

atest. The following two reasons have been
given to explain why d-block elements show several cudation states: |
(r) (n - 1)d and ns orbitals in the atoms of d-block glcmcnls hn've almost the same cncrglesj
and hence elections can be removed from (n - 1)d orbitals as easily as they can be removex
from ns orbital.

g . enultimate shell).
liny After removing ns electron(s) the remainder is called core or kernel (penultimate shelly
‘ 7

,/,,,.a"‘q'?‘/'r'/‘f/ s vel -
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In case of most of the d-block
ectrons, resulting i ;

:wc o more cl:fn;n l};c formation of cations having different oxidation states, Le., the removal of
| 7% from the unsiable core gives several oxidation states (o ransiuon metals.

Varn 1dat o
ous _oudauon states shown by transition elements are given in TgSlentiii GRICanan
states shown in bracket are unstable

oxidation states.
;1 Table 6.7. Various oxidation siates of transition metals. Unstable oxidation states
are shown in bracket
Elements of Ist transition series (d-series) (n = No. of unpaired elcctrons)

S M5 (n = 1) +2, 43
T 345 (n=2) (0, =1), 42, 43, +4
Vo M4 (n=3) (=1, 0, +1), 42, +3, #4, +5
Cr 3% (n=6) (0, +1), +2, 43, (+4, +9), 46
Mo 345 (n=5) (-1, 0, +1)42, 43, 44, (43), 46, +1
Fe 3P4 (a=4) (=2, 0, +1), 42, +3, (4, 45, +6)
Co 344 (a=3) (-1, 0, +1), 42, 43, (+4)
NI iy (n=2) (0, +1), 42, +3, +4
Ce M%4%' (-1 a1, 42, (+3)
7n A% (n=0) +2

Bements of 2nd transition series (4d-serics)
VR
Zr (0,4 3), +4
Nb (=1, 0, 41, 42, 43, 44), +5
Mo (0, +1), #2, 43, 44, 45,46
Te (0), 42, (+3, ¢4, 45, 46, 47)
Ru (0), +2, +3, +4, (#5, 40, 41, +8)
Rh (0, + 1), 42, +3, +4, (46)
Pd (0), 42, (413), +4
Ag +1.(+2 +3)
Cd +2
Blements of 3rd transition series (- serics)
lLa +3
HI (+3), +4
Ta (-1, +1, 42, 43, #4), 45
W (0, +1), +2, (#3), +4, 45, +6
Re (-1.0, +1, 42), 43, +4, 45, (+6), +7
Os  {0), 42, +3, +4, (49), +6, (+7), +8
Ir (0. + 1), +2, 43, +4, (36)
Pro(0). 42, (+3), #4, (45, +6)
Au +1, +3
Hg 1, 42

Oxidation states shown by d-block elements of 1st transition series

In connecuon with the oxidation states extubited by the d hlock clements

. D{ l" ansih
weries the following points may be noted 5 Uansition
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.

5 "‘_) « 'r"‘ - :-' e k3
oWl in brackel are unstable "lu\! e

Ao h
The oridabion stalts s e elabile . W
Ihe 0AK dation states e Jla\hl(., Owt of W o

' / 'l('f ('.ltf.lm;, *"\,, .
jation state for € while for ol emenis R
o ‘ on state when one 45 amd one Y

v2 oxidan _ \
bit this oxidation state (1e. +2 state) whey

ation states.

ation states.
he lowest
and Cu both how
elements exh

el and 37 e : The remaming o
states. These are low oud
) o . . . .‘ l
.y o> stable oxidation slalrs: +1 l("
o lowest oxidaton state 1§ 2. X
- ile the remaming
electrons are lost while the 1ems

\ ivolved in bonding.
iy both ns electrons are involved | § »
| (if) Stabilisation of unstable (low) 0xx :
ctates like 1, 0, +1 are unstable. These states are:

y wocyanide), :
‘ ike CO, NO. Ny, PRy, ARy, CNR (isecyant - Tl ave vacant k-oebitals,
l(‘fyi\ngr:arl:l;cmﬁ;c clh)']cln:? ctc.;}mcligmxk are clectron-deficient, since they have vacan

1 ! . alco have filled orbitals. called

' acant ®-crbitals, they also :

called acceptor ocbitals. In additon 10 v , 80 BN e doro o
] Ip: ave vacant x-acceptor orbitals as well

donor orbitals. Thus l}x;sc h{hnd‘_ },\1 ¢ N it low oxidation states (e.g. +1. 0 1)

hese ligands can stabihse transition metal aoms in thewr Jow oxid s R

by forming complexes with them. The complexes formed have double bonding .

ST

on states. 1t may be seen that the low ‘mn(l:mr.n
abilised by formung complerxes \’Vl[!l n-..\ud
CN°, CH,, toluene, @, dipyndyl,

:’; ’; ).‘-(S
i

represented as L == M. This double bonding indicates that in these complexes both the metal
- Mnr bonds are formed

and the ligand act both as donors and acceptors. How 1. — Mo and 1. ¢
has been explained below.

The donor orbital on the ligand overlaps with the vacant orbital on transiton metal asom
in low oxidaton state and forms a L -»Mo bood. The formation of L. — Mo bond accumulages
ncgative charpe on the transinon metal aom The accumulation of negative charge leads 10
substanuigl repuision between the negauve charges of the metal and of the hgands. In order 10
decrease the magnitude of the negative charge accumulated on the metal atom, suitable filled
d-orbital on the metal atom overlaps with the vacant worbital (acceptor orbital) on the ligand.
This type of overlap transfers some negative charge from the metal 1o the ligand and M —» Ln
bond is formed. Thus the vacant m-orbital of the hgand receives the back-donated electrons
from the flled d-orbitals on the transition metal and thus stabihses the metal atom in lower
oxidation state. Thus we have double bonding betveen the ligand and the metal atom. One js
a L — Mo bond and the other is a M = Ln bond The complexes formed are called n-acid
complexes, since M — Ln bond is formed in these complexes. In the formation of M — Ln
bond, since the ligand accepts the back-donated electrons from the metal into its vacant m-orbitals,
the hgand 1s said 10 behave as a ®-acid and hence is called m-acid ligand or ~-bonding ligand
Examples of som:.wmplcx cqmmds formed by transition metal atoms in their low oxidation
stcs (+1, 0. -1) wiih 2-acid higands ke CO. CNR, C,H,. PCly etc. are [Cr%(COLP. [CHCNR),P.,
[CACHP. [CrHCH", [FeACO)°, [Co%CO))°, Na'[Co™(CO),). [Ni%Co),]°. [Ni®

(CNR)., [NI(PQY;),J%, Na'[V-H(CO), [VO(dipy)y %, [V*'(dipy),]L.
It may easily be understood that in order 1o get L = M bond, transition metal in its
n

lower oxidation state should have both vacant as well as filled d-orbitals.

o (1) High axidation state. The highest (maximum) oxidation state for the first five elements
7E7 AS< 10 Mn) is equal i - -

‘y o Mn) 15 equal i0 the sum of the electrons in 4s and 3d orbitals. On the other hand, the
/- gnest oxxdenon sz for the remaining five elements (Fe 1o Zn) is not eqczl 10 the of
the electrons in 45 and 3d orbitals, ) ‘ o

The high oxidation staies of many transition metals like V(V), Cr(V1), Me(1V), Mn(VI)

FA110), FC(YI),_ Co(1I), Ni(m). Cu(lD), Ag(), Ag(ll]) etc. are oxidising (i_e., unstable). These

'ux.mablc oxu-iauon slales Wth'h are high oxidation states get stabilised by forming complexes

’}:;)leh small highly electronegative ligands like 0%, I, CI", per iodate (IOZ‘ ). tellurate ('I‘cOZ’)
etc. Examples are given below:

(a) O™ ion stabilises Fe(VI), V(V), Cr(V1) and Mn(VII) by forming FcOi’ (ferrate),

737
"7
-4)77A
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-V0; (vamadate), Cr2 (ehromate) ang pnge-

by [hg anodic OXidaﬁgn a Pcrmang

of FC(OH) in ¢ :

(6) V(v) is Stabilised by p i;n : Of';c- fllkah.‘
(c) 107 ang TeQb ; By forming VF,
g 6 6 '0NS stabijse Ag (
Ag(10¢).).H,0 —_—

l 3+6 2)-H;,0ang MilAg> (TeOG)ZJJHIOrcspcclively_ TeO®
My(Cu™(Te0g),) 0,0 6

9 U0, Al (hege complex

es ar ] i : .
50 stablise Mn(y) b9 formge ¢ obained in alkaline inedjun, 10} and TeO!"
ﬂoﬁ)l]‘mzo K7H4W“H

; 8 the red-coloureq complex compounds namely Na;H,[Mn**
of MnCl. iy et of (Qsh 8H,0. These complcxtsartotxaincd.b)'malkalincoxidaﬁm
widation of ),p‘;sé - O sodium (or potassjypm peniodate, Na,HlOg (or K,H,10,) Alkalipe

. 2 1N presence of sodium (or potassium) tellurate gives dark reg Na;H,

Mn™(TeOg)] 3H,0 or KHg[Mn*

anate) ions respectively, Fe()2- ; .
pecu y.- FeO;" is obtained

(bu‘ nol VC'S and VB[_,).

1) by forming the complex compounds namely M,

“alsastabilises Cu(III) by forming

ised by forming complexes with pic’, py: dipy and o-phen. The

inaquecmsolmionnon—oxidhing acids should be
ved. Trarsibon metal hydroxjdes are usually oxidised by ammaspheric oxygen, e.g., pale green
Fe(OH), gers axidised 10 brown Fe(OH); on standing in air,

() F and O% jons can form compounds in which Fe and Co achieve oxidation states
greater than +3 or Ni and Cu acquire exidation state greater than +2.

states. With the increase in the oxidation state of a given transition metal, the covalent character

of its compounds increases. Thus the compounds of-a given transition metal in lower oxidation
+2
stales are ionic while those of the same metal in high oxidation states are covalent, eg. VCl,
’3 - . - - H -
s 1onic, VCl; is less jonic while VCl, is covalenL

|increases. This fact becomes evident when we stdy the following :

(a) The vaniaton of the basic, amphoteric and acidic character of the oxides of V, Cr and
Mnp is as shown below- ‘ ’

(i Oxides of vanadiom - VG V0, Vo, V,0,
Oxidation swaie of vanadium - 42 +3 +4 +5
Nature of the oxides : Basic Basic Ampho- Acidic

lenic

1) Oxides of Cr : Cro 0, CrO, CrO,
Ovidarion siate of Cr: +2 +3 +4 +6

Nature of the oxides : Basic  Ampho- Ampho- Acidic
teric fenic
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Isomerism in Coordination
Compounds

Introduction
The coordination compounds which have the same molecular formula but
have their ligands attached to the central metal utom in different ways are called -

isomers. These isomers have different properties. The phenomenon that gives rise
to different isomers is called isomerism.

———————— . .. . .
Isomerism may be of two types viz., strucufral isomerism and stereo (space)

= \

-

A
%
r Untll
L,

19

vRsomerism.

e
v -
X %
i

:3 1. Conformation Isomerism

2
¥
¥

l?tructural Isomerism}

This isomerism arises due to the difference in the structures of complex (coor-
dination) compounds. This isomerism is of the following typesi——

¥

;: In this isomerism two isomers have different geometries but are otherwise
3 identical. For example, [Ni* (P.Et.Phy),Br,] complex (four-coordinatgd coerlex)
-i‘ gives two conformation isomers. One of these is green and p;ramagnfztlc while the
;; other is brown and diamagnetic. The green form is tetrapedral while the.broyvn
& form is square planar. Thus these have different geometries but t'he coordination
g" number of Ni?* ion in both the isomers is the same (=4). .
E‘: Q/(\ - 2. lonisation Isomerism
¥ .)"\ f The complex compounds showing ionisation isomerism are called ionisation
fo (" isomers. These isomers have the same molecular formulae and are prOfi uced when
A \//‘ . the ligands given in the coordination sphere and the anions present gutslde the coor-

« ’ ,417 d ination sphere are exchanged with each other. Thus both the complex compounds
» N o of each of the following pairs are ionisation isomers to each other.
y S (i) [Co (NH,),BrISO, and [Co (NH,),(SO,)] Br

S (i) 1Co(NH,),Cl,] NO, and [Co (NH,) CI(NO,)|C]

(i) [Pt (NH,),CL)Br, and [PYNH;) Br,|Cl,

tivj {Co(NH,),(NO)ISO, and [Co(NH,),(SO,)INO,
(v} [Cr(NH,),L]Br and [Cr(NH,),[Bril

(i) [Fe(NH,)(CN)ISO, and [Fe(NH,),SO,]CN.

/‘( / A/“l

(3)

|-

ot

.

o

2
%

. ionisation isomers 13 the same. lonisation isomers

T L

ke pri

Isomerism in Coordination Compounds

- s @ e g

lonigation isomers show different properties, e.g., (Co (NH,),Br]S0O (1) and
{Co(NH,), {SO,)) Br (II) which are ionisation isomers to each other shaw different
properties a8 mentioned below:
(i) (I) is red-violet while (II) is red.

(id) When these isomers are dissolved in water, they give different ions as shown
below:

[Co(NH,);BrjSO, === (Co(NH,),Br]* + SO}

rs (1) (red-violet)

17 [Co[NH, }SO, Br === [Co(NH,),S0,I* + Br-
’ (IT)(red) : .

It is due to the formation of different ions in solution that these compounds show
different behaviour when treated with an aqueous solution of BaCl, and AgNO, . (I).
gives a white ppt. of BaSO, with an aqueous solution of BaCl, indicating that so¥
ions in (1) are.outside the coordination sphere. This compound does not give any ppt.
with the aqueous solution of AgNO,. On the other hand, (II) does not give any ppt.

_ with a solution of BaCl, but forms a yellow ppt. of AgBr with AgNO, solution, indicat-

ing that Br- ions in this compound are outside the coordination sphere.

B el

ICo{NH),),BrISO, + BaCl, ___, BaSO,  +(Co(NH,),Br|Cl,
(0 . (Solution) "White ppt.
[Co(NH,)s BrBO,+ AgNO; -—— No reaction
(I (Solution) ’ ¢
|
[Co(NH,),SO,1Br + BaCl, —— No reaction -
(h (Solution) v}\ﬁ/
(ColNH,)sSO,JBr+ AgNO; —— AgBr  + [Co(NH,),SO,INO, o’
(In . (Solution) Yellow ppt.

It may be noted that the coordination numher of the central atom in both the

can be detected by the determi.:
e ————— e e

nation of their conductance imrsolution.

3. Hydrate Isomerism- ‘

This type of isomerism ia similar to ionisation isomerism. Hydrate isomers are

obtained when H,0 molecules acting as ligands are replaced by the anions present

oqtside_ the cmr@ination sphere. CrCl,-6H,0 exists in three hydrate isomers which
are [__C_r.\H,O)ﬁICI,(I),. [C(H,0),ClIC1,-H,0 (I1) and [Cr(H,0) CLICL-2H,0 ({I1). These
have different physical and chemical properties, eg., '

are precipitated as AgCl with AgNO, solution. .

[Cr(H,0)5 Cl;+3AgNO; ——  3AgClL +[Cr(H,0),] (NF
(I} (viclet) (solution) white ppt. ) Q‘
. it
or 3CI' + 3Ag* —— 3AgCld !({
-_dnj.a'
otex having

(i5) (I_I)_ig__b_l.g.e_-g;{,\gr\“_ loges anly one H,0 molecule aver - :

e = e
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(1) (1) is violet, does not lose water over conc. H,SO, and all the three Cl- iop-”




> 1
O3 (1M, s

nist
592 Selected Topics N inorganic Chem's Y
; Cr(H,0) ClI(NO,) JH,0
(CRH,0)ClICl; HyO +2ARNOy — 2AgC1 +1 H,0) g
..:,._hﬂan:. {eolution’! white ppt
or 2C1- « 2Ag" — 2AgClL .
(i) (11D is blue-green, loses two H,O molecules over conc. H,SO0, and only one
Cl- ion is precipitated by AgNO, solution.
{CrH,0)Cl; ClL2H,;0+AgNO; — AgCl + [CrH,0),C1,INO; 2H,0
{11} green) (solution) white ppt.
; or Cl + Ag —— AgCl
The behaviour of these 1somers over conc. H,S0, as mentioned above indicates
coordination sphere in (1), (I and

that the number of H,O molecules outside the
¢111) is equal to zero, one and two respectively.
The action of AgNQ, solution on these isomers indicates t
have three, two and one Cl- ions outsi
Other examples of hydrate isomers are given below:
1} [Colenl, (H,0)ClIClL and [Co Am:rﬁr_ﬂ_.InO

i) {ColNH,), (H,0)CIICl, and [Co AZIUV.QLO_.ENO '
: frr) [Cripy)( H,0),CLICI and [Cr(py iIuOvOr:rO
A () {Crien),(H,0),]Br; and [Cr(en),(H,0)Br]Br, H,0

Na 4.

../v:
v \.,_.\ This type of isomerism 1s shown by those complex compounds which are com-
X posed of complex cation and complex anion. Coordination isomers are obtained
g7 Y when some or all ligands of both the ~oordination spheres are interchanged with
each other. Thus both the complex compounds of each of the following pairs are
coordination isomers to each other. [n these airs the central metalli in_the
two coordination spheres may be the same or different.
(i) [Cr=(NH,)]* [Cr™ (CN),)* and [Cr* (NH,) (CNI [Cr(CN) (NH,),I”

(i) [Pt>(NH,)J* [Pt*-Cl ]* and :u"nAzmuvuO:.—ﬁﬁu.n_%éa:-

(ir) [Co*(NH,)J* [CP*(CN),I> and [Co*(CN)J* [CHNH,),)*

(iv) [Cu*(NH,)J* [Pt*CL]* and [Cu*Cl,J* Svn?nzmuv._?

(v) [Cr~(NH,)J* [Cr*(SCN)J* and [C*> Az\muv.ﬁmOZvL. AO_LAmOZV.AZ‘mLN_

hat (D), (ID and (11D

de the coordination sphere.

VAR
A
(o]

Coordination Isomerism

5. Linkage Isomerism
.Esw.wwm m.uoBmlmB is shown by those coordination compounds which contain
ambidentate ligands, (e.g., NO,”, SCN"), since these ligands can coordinate to the
_n..wnn.nm_ metal atom z:.m:wr any of the two different available donor atoms. The
.,.bw.Em of E.ucaquS ligand to the metal atom through two different donor atoms
gives two different compounds which are related with each as linkage isomeis.
) Examples of li
(" nNO /:Wx mmu”AvaaZ.OL.? (I) and [Co*(NH,),ONO]?* (II) are linkage isomers. In (1),
s ) 2 NOy :wmbm a.rb.w& with Co* ion through its N-atom while in (II), NO;

- PP SR S 4 o 1
L 6= nbavwn (INio rallod nontn ammine-

/
N o
w\ﬂfrﬁfy\

b

I S N )

~ S

Y e

o 8 v)
1somensm !N Oooa_:m:ou\omaooc:au

| nitro cobalt (I1I) ion id:m (I1
(D is yellow while (I 18 red. ’

7] 1 diny (SCN),]° (orange ellow
L o s ’rs. First compoun

are linkage isomers.
dium (I1) while the second compou

palladium ().

on Position Isomerism

by those complex compounds
zing ligands are differently placed
on position isomers to

ds) are differen*ly

S

pentaamminenitrito.cobalt 11 on,

) and [Pd? (dipy) (NCS),|° (light yellow)
d is called R..h%l&v&&:k@. anato palla-
nd is called dipyridyl &_.n.,ao;_.oaa:ﬁwxb

%7

)18 called

A

6. Coordinati
This type of iso

merism is shown

idgi i i he non-bridgin
bridging ligands and arises when t 4 nds_
found the central me al atom. Thus (I) and (II) are coordinati

each other, mmnlnﬂzammymm and CI- ions (non-bridging ligan

placed round the two Co®* ions.
m 2+ m :~N'
. 3./ 7\ . 3 . 3/ "N 3y i
:/Iu.:no /O\Cc (NH,),Cl, CUNH,),Co /O\Oo ?[Iuvuﬂ_”
H H |

Chloro triammine cobalt (ITD) u-dihydmxo

Tetrammine coblat (I11) y-dihydroxo diammine
chloro trinmmine cobalt ({I]) 1on (ID tsymmetrienl?

dichloro enbalt (111 ion. (1) (unsymmetrical)

. The ao__.cs.m:m binuclear complexes of cobalt also show coordination position

_m_oBo:.mB. since the terminal ligands, viz., six NH, molecules and two Cl-ions can be

placed in an unsymmetrical and symmetrical manner round the central cobalt atom.
-

NH I°

N/O 4 “

- Co CI(NH,), |

2+ P
\2:7

. 1./
/ou\ (NH,),CICo {_

Je. -
(NH,),Co Co'"6HNH,), Cl,

0,

(a) unsymmetrical (b) symmetrical

7. Ligand Isomerism

There are certain li i i
gands which exist as i i
ropaere are cc . . X somers, e.g., diami i i
* E_M:m &wﬂ”ﬂﬂ:%ﬂw.ﬁ.ﬁsoﬂn z‘wﬂdm which are called 1, mm&ma:MMhmM,\m:cmm o
pn) an ugoq trimethylene mmmgmﬂoﬂw:ovn M.ﬂu.“

structures of propane, pn and tn are given below:

1 2 3 mm l:mm I.MI X - B
CH;—CH,—CH, _ : [ ! : A_HI»I OQ»'%IN
NH
Pmpane » NH, NH, NH,

1, 2-diemino propane

or propylene diamine (pr) L. 8-diaming: propane

or trimethylene diamine (tn)

m: psa w; —VO».T are Umnmmﬂgg A i ese gands get coo 1-
: —JG:ﬂn m~v ——Ngam. gdmn nr _m nm t ﬂ&
:Nn\m& to ﬁ~=w H——mg— Qﬂoa- two 1somers are O—-ﬁpmzma. ;mmm ﬁ.u-m ﬂww—& um g“ i er
18omers

d the i .. A :
and the 1somerism is called ligand isomerism. Thus [Co*(pn) CL]* and [Co* (tn)
n

2

— ‘ s N bl
are «Igandisomers whoas Btructur €8 ar2 iven :Mu_:fc m —“:H 151 Rath theaa r1enmMnrg

which nonﬁm.w: .

B

o’

({
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4 QL\‘ . | - " - =
1 \ Q) ) i
I \ NH, y i | ¢ ‘> .
Do AP
Wi~ o AT NI
1 ~ / (,“{ . OR I / fob / pia
! s / 2 i / /
] i \ 2 | ! Cl e ] = N-
A€ —— 4 - N ¢ ! | i
‘ H, <y i ' cl
=~ ) 3| l L |
i CH, |
ta) Structure of [Co'*(pn ), Clyl ton
‘; \\'L i i~ _.
] \:-“\}\ \'. . \‘\ ‘
\.C - \-\\ ‘ F\N -
W NY, b l N {‘ — N
IR S N7
/ \l 4 \ i OR l Y, ch / .
g % s | / ./
« / . S
/ u\/, 5 CH, ; Cl/‘_‘*' AN
el vy ¢~ | ]
H, H, L C h
'Il Cl
'! (6) Structure of [Co?*{tn), Clyl ion.
| Fig. 15.1. Structures of [Co(pn),CL,I* and [Ca (tn),CL,)" ions.

8. Polymerisation Isomerism ‘ ‘ .

This type of isomerism is found in_those complex cumr;‘)&)ugclils t::;):ewfz‘r;\ex
lae appear to be polymers of some §imple complex com‘p'oud “. All these complex
cormpounds have the same ratio of different metal utlom.s a.nmiogn e
example, the following complex compounds ure'.po ym{e(n)s e
other, since (1() and (it{) complxes appear to be diimer of (1} comp

; \ ati ke & : NOJ inall
plex appears to be the pentamer of (i) complex. The ratio Co" : NH : 2
the complexes s 1:3: 3.

[ Complex compound Co* Number of NO.;A‘
i NH, |
o [Co(NH,),(NO,),| 1 3 ; |
(ee) [Co(NH,)] [Ca(NO,),] 2 6 X ‘
) [CO(NH])‘(NOT)ZI[CO(NHJ)Z(NOZ)‘I 2 6 ‘, [
e ICeNHOLUINO )L [ICo(NQO,). ). 5 15 15

called geometricat tsormers and t

e e

“-omerism in Coordination Compounds 595

‘). Valency Isomerism

This isomerism arises when the ligand is held b

bonds, sometimes primary or secondary. For example:
-

'

Y different types‘«gf_ valeney

. .
c . Oz \\C X | i 0._. . ]

jteat,Co oten), |8y anc ten,Col “Col X,

I NHy I TN | 3
) ! o

HX

'jteréo Isomgrismj

Stereo isomerism is exhibited by those compounds which h
of atoms or groups but these atoms or groups have di
central atom. The com s showiny stereg j
Stereo isomerism may be of two types viz. 8ge
nptical (or d-l or mirror-image

ave the same position
flerent arrangement round the
1 a ste is .
ometrical (or cis-trans) tsomerism and

) lusmerismn.

[Eeometrical (or cis-trans) Isomerisrﬂ

The complex ¢ i i si coordination sphere
butthe relative position of the ligands round the central metal
= netalalom isdillerentare

atom isdifferent are
he phenomenon is called geometrical isomerism.

In a given complex. compound the_two ligands ma
adjacent to each other or opposite to each other. The coms
ligands occupying the adjacent posit
in whic

ions to each otheris called ¢is-isomer while that

¢ two ligands occupy opposite positions is called trans-isomer. Hence
seometrical ;somensm s also called cis-trans Lsomerism,

Geometrical isomers of a complex differ in physical characteristics such as
dipole moment and visible / uv spectra.

G

eometrical Isomerism in Complexes with C.N.2 and 3

Geometrical isomeris
number 2 and 3, since in t
the central metal atom a

1]
m is not found in complex compounds with coordination

hese cases all the Positions occupied by the ligands round
re adjacentto one another,

Geometrical Isomerism in Tetrahedral Complexes (C.N. = 4)

« Geometrical isomerism c
the four ligands in this geom
another and all the four bond

(

annot be shown by tetrahedral complexes, since all
etry have adjacent position (i.e., cis position) to one
angles are the same (= 109.5°).

ieometrical Isomerism in Square Planar

Before discussing the geometric
“quare planar complexes, we should
planar complex are named. A square
vent positions (90° apart i i3 ¢al|

Complexes (C.N. = 4)
al isomerism exhibited by various types of
know how cis and trans isomers of a square

lanar complex having similar ligands at adja-
ed cis-isomer whilo » square planar complex havine
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